A new mutation in the pufL gene responsible for the terbutryn resistance phenotype in Rubrivivax gelatinosus  by Ouchane, S. et al.
FEBS Letters 374 (1995) 130-134 FEBS 16127 
A new mutation in the pufL gene responsible for the terbutryn resistance 
phenotype in Rubrivivax gelatinosus 
S. Ouchane, M. Picaud, C. Astier* 
CNRS, Centre de G~n~tique Mol~culaire, Photosvnth~se BaetHienne, bfit 24, Avenue de la Terrasse, 91198 Gif-sur-Yvette C~dex, France 
Received 3 July 1995; revised version received 1September 1995 
Abstract Rubrivivax gelatinosus i a facultative phototrophic 
non-sulfur bacterium belonging to the /3 subclass of the purple 
bacteria. A terbutryn-resistant mutant of R. gelatinosus has been 
isolated and characterized. Increased resistance levels to ter- 
butryn (300-fold), atrazine (6-fold) and o-phenanthroline (3-fold) 
were observed for the mutant compared with wild type. Sequence 
analysis of the mutant revealed a new mutation in the pulL gene 
coding for the L subunit of the reaction centre (RC) at codon 192 
leading to an amino-acid substitution from Gly in the wild type 
to Asp in the mutant. This substitution is located in the D helix 
of the L subunit, suggesting an interaction between terbutryn and 
this part of the polypeptide in the RC of R. gelatinosus. This is 
the first report of a mutation leading to herbicide resistance and 
affecting the D helix in purple bacteria. Furthermore R. gelatino- 
sus wild type is highly sensitive to o-phenanthroline compared 
with other purple bacteria (Rhodobacter capsulatus and Rho- 
dobacter sphaeroides). Sequence comparison of the L subunit 
from six purple bacteria in which o-phenanthroline sensitivity was 
measured suggests that Set L226 might be responsible for this phe- 
notype. 
Key words: Photosynthetic bacterium; Herbicide; Herbicide 
mutant; Cross-resistance; Reaction center 
1. Introduction 
The primary photochemical reactions of bacterial photosyn- 
thesis take place within a membrane-bound pigment-protein 
complex known as the photochemical reaction centre (RC), 
RCs have been isolated from many species of purple bacteria, 
The best characterized are those from Rhodopseudomonas 
vMdis and Rhodobacter sphaeroides which have been crystal- 
lized and the structures of which are known at atomic resolu- 
tion [1-3]. The RC of purple bacteria is composed of subunits 
called L, M and H and in some species, includes a tetrahemic 
cytochrome c protruding into the periplasmic space. The pig- 
ments are buried in LM core polypeptides, allowing transmem- 
brane, unidirectional electron transfer from the dimer of 
bacteriochlorophylls (P) to the primary quinone lectron accep- 
tor, the quinone (QA). QA, buried within M polypeptide, is able 
to accept one electron. The secondary acceptor (QB), a quinone 
from the quinone pool contained in the membrane, is able to 
accept two electrons. This secondary acceptor is bound in a 
pocket called the QB site localized in the L polypeptide. QB 
affinity to its site depends on its oxidoreduction state; the semi- 
quinone binds tighly to the QB site, unlike the oxidized and 
double reduced forms. Q~ acts as a mobile electron carrier: after 
accepting two electrons and two protons it dissociates from the 
*Corresponding author. Fax: (33) (1) 69823562. 
RC and enters the quinone pool. Subsequent steps of proton 
translocation using the bcl complex create a pH gradient, 
which drives ATP synthesis. 
Different classes of herbicides have been known for many 
years to inhibit photosynthesis at the level of the RC by block- 
ing the electron transfer from QA to QB. These herbicides, which 
also inhibit electron transfer in photosystem II (PSII) in higher 
plants, green algae and cyanobacteria, ct by competing with 
QB for its binding site. The binding site for QB is formed by 
residues located between the D and E c~ helices of the L subunit 
of the RC, and in the homologous region of the D1 subunit of 
the PSII, equivalent to polypeptide L [4]. The inhibitors o- 
phenanthroline and terbutryn were found by X-ray studies to 
bind within Q~ site in R. viridis RC [5,6]. These structural 
studies confirmed and extended the previous proposals based 
(1) on photoaffinity labelling with azido-atrazine which binds 
to the L and D1 subunits [7,8] and (2) on the localization of 
almost all mutations conferring herbicide resistances which 
map to the part of genes coding for L and D1 residues located 
in the QB site [9 11]. 
The genes coding for the subunits of RCs are organized in 
operons. The nucleotide sequence of the puf operon has been 
determined for five species belonging to the ~ subclass of purple 
bacteria nd one species Rubrivivax gelatinosus belonging to the 
fl subclass [12]. The pufoperon of R. gelatinosus, strain IL144, 
contains two open reading frames (ORFs) in addition to five 
photosynthetic genes which have been reported in species be- 
longing to the ~ subclass. These genes include pufB, A, L, M 
and C coding for the fl and ~ subunits of the B870 light- 
harvesting protein and for the L, M and cytochrome subunits 
of the RC complex, respectively. 
In this work, a spontaneous mutant of R. gelatinosus, strain 
1 [13], was selected by its resistance to terbutryn. We describe 
here its phenotypic haracterization a d the identification of 
the mutation at the QB site. This mutation, G192D, is the first 
one which maps in the region ofpufL corresponding to a-helix 
D. 
2. Materials and methods 
2.1. Bacterial strains, plasmid and growth media 
R. gelatinosus strain 1 (isolated by Uffen) [13] was grown anaerobi- 
cally under photoheterotrophic conditions at 32°C in malate medium 
[14]. 
Echeriehia eoli XL1B was used as host for cloning in BlueScript 
plasmid and was grown at 37°C on LB medium [15] with appropriate 
antibiotics (ampicilline I00/tg/ml and tetracycline 10 ,ug/ml). 
2.2. Selection of terbutryn-resistant mutant 
400 ml of wild-type culture were grown photosynthetically (650 lux) 
to reach a concentration of l09 cells/ml. This culture was supplemented 
with terbutryn (200/tM) and maintained in the same growth conditions 
for 4 weeks, then cells were plated on solid medium complemented with 
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200 ,uM terbutryn and incubated in photosynthetic conditions. Single 
colonies were isolated and regrown in liquid medium in the presence 
of herbicide. A mutant of R. gelatinosus was isolated by its ability to 
grow photosynthetically in the presence of 200/xM terbutryn with the 
same generation time as the wild type without herbicide. 
2.3. Chromatophore pr paration and spectrophotometric measurements 
Chromatophores from R. gelatinosus were prepared by differential 
centrifugation after disruption of cells with a French press and were 
then resuspended in 10 mM Tris-HCl (pH 8) buffer. Flash excitation 
spectroscopy and inhibition of electron transfer were measured as de- 
scribed [16], 
2.4, Isolation of genomic DNA 
l 0 H cells of R. gelatinosus were collected by centrifugation a d resus- 
pended in 8 ml Tris-HCl 10 mM (pH 8), EDTA 1 mM, saccharose 25% 
and kept at -20°C overnight. Cells were disrupted with lysozyme (0.1 
mg/ml, 30 rain at 37°C) and SDS (10 mg/ml, 30 min at 70°C). Sodium 
acetate (1.2 M) was added to the disrupted cells. After incubation for 
30 min on ice, genomic DNA was extracted with phenol:chloroform, 
treated with RNase and precipitated with ethanol. 
2.5. Molecular biology techniques 
Standard methods were performed, if not otherwise indicated, ac- 
cording to Sambrook et al. [15]. Plasmid DNAs were purified using 
Qiagen columns (Diagen). PCR products and digested DNA fragments 
were purified using Genclean kit (Bio. 101). 
2.5.1. Cloning of DNA .fragments. (1) The BglII-Kpnl DNA frag- 
ment of 1.4 kbp (fragment A) was cloned using probe A (474 bp) 
synthesized by PCR amplification according to the nucleic-acid se- 
quence of R. gelatinosus strain IL144 [12] using oligonucleotides 1 and 
2. The plasmid (pBl400) containing the fragment A was isolated from 
a mini library of BgllI-Kpnl fragments cloned in BlueScript plasmid. 
(2) Oligonucleotides 3 and 4 were used to amplify the fragment B (958 
bp). This fragment was cloned in BlueScript plasmid (pB958). These 
two DNA fragments from wild type were used to sequence the pufL 
gene. (3) DNA fragment C (320 bp) from the mutant was obtained by 
PCR amplification using oligonucleotides 5 and 6 and cloned in 
BlueScript plasmid (pB320). 
2.5.2. Oligonucleotides 
(1) 5' TCGGGCCGATCTACCTGGG 3' (pufM 2214-2233) 
(2) 5' CGAGAGCGCGTGGAACGG 3' (pufM 2668-2687) 
(3) 5' GGCCCCAAGCGCCCATCAG 3' (pufL 1626-1645) 
(4) 5' CCGGTCGCGGCGGGTGACT 3' (ORF2 688-707) 
(5) 5' CCCGGCGCACATGCTGGCG 3' (pufL 1724-1742) 
(6) 5' GAGCGGCCACTGACTCCAG 3' (pufL 2024-2043) 
2.5.3. Sequencing ofDNA fragments. Sequencing of both strands 
were performed with pB1400, pB958 and pB320 using the dideoxy 
chain termination method of Sanger et al. [15] with sequenase (version 
2.0 kit, Amersham). Sequences ofproducts of at least hree independent 
PCR reactions were determined. 
3. Resu l ts  
3.1. Selection of a R. gelatinosus terbutryn mutant 
Generation times of R. gelatinosus in photosynthetic growth 
conditions are 4.5 h under 3400 lux and 15 h under 650 lux. 
R. gelatinosus cells are more sensitive to tertubryn when cells 
are grown under limitating light, and only culture growing 
under 650 lux was totally inhibited in the presence of 200/xM 
of terbutryn. Selection was performed under this light intensity 
as described in Section 2. The colony selected was called the 
mutant ter r and used for further analysis. 
3.2. Determination of herbicide-resistance l vels 
Sensitivity to terbutryn of isolated photosynthetic mem- 
branes and cross-resistance to other herbicides were analysed 
to determine the phenotype of this new mutant ter r. After one 
saturating flash, electron transfer was measured by the reduc- 
tion of the electron donor P+ followed by measurement of the 
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Fig. 1. Inhibition curves for terbutryn in chromatophores from the wild 
type and the mutant erL 
variation of absorption at 785 nm. This reduction is due to the 
back reactions from P+Qj, to PQA and/or from P+Q~ to PQB. 
In the presence of herbicide, P+ reduction resulted from the 
P+Q~. recombination i RCs where the QB site is occupied by 
the herbicide and from P+Q~ recombination i RCs where QB 
still occupies its site. Fig. 1 shows the inhibition curves in 
chromatophores prepared from wild-type bacteria and from 
the terbutryn-resistant mutant in the presence of various con- 
centrations of terbutryn. Similar experinaents were performed 
using o-phenanthroline and atrazine. The 150 values which indi- 
cated the concentration needed to block half of the RCs, were 
determined for the three herbicides. The mutant 05o = 2" 10 -4 
M) is 300-fold more resistant o terbutryn than the wild type 
(/50 = 6" 10 _7 M). For o-phenanthroline, R. gelatinosus wild type 
is much more sensitive (150 = 3.10 -6 M) than other purple bac- 
teria such as R. capsulatus and R. sphaeroides, 150 = 2.10 -4 M 
[16,17]. The mutant presents a slight cross-resistance, being 
3-fold more resistant han the wild type. For atrazine, 150 is 
4.10 -s M for the wild type. The value of 150 for the 
mutant could not be measured because atrazine precipitated at 
a concentration higher than 10 -4 M, before full inhibition was 
reached. The/5o value was estimated from the lower inhibitions 
to be -2 .5 .10 -4  M. 
3.3. Molecular analysis" 
3.3.1. Sequence of the pufL gene of R. gelatinosus, strain 1. 
The puf operon sequence from R. gelatinosus train IL144 
was published by Nagashima et al. [12]. We used oligonucleo- 
tides according to this sequence to clone and sequence the puf 
operon of strain 1. From this analysis, the organization of the 
puf operon from R. gelatinosus strain 1 was determined (Fig. 
2) and found to be the same as in the IL144 strain. Fragments 
A and B (Fig. 2) were cloned and sequenced as described in 
Section 2. Fragment A contains 520 bp of the 3' region ofpufL 
and the 5' region of puJM. The upstream region of pufL is 
contained in fragment B. Fig. 3 represents the pufL nucleotide 
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Fig. 2. Gene organizat ion of the pufoperon from R gelatinosus strain 
1. Boxes indicate the posit ion of the genes encoding the cz and] /subun i ts  
of the B870 l ight harvest ing antenna (pufA and pufB, respectively) and 
the L, M and cytochrome c subunits of  the RC (pufL, pufM and pufC, 
respectively). Two unknown ORFs,  ORF1 and ORF2,  are indicated. 
Posit ions of A -C  fragments cloned in (pB 1400), (pB958) and (pB320) 
plasmids, respectively, and probe A are given. 
sequence  o f  s t ra in  1. There  are  20 nuc leot ide  d i f fe rences  be-  
tween the two  s t ra ins .  On ly  one  d i f fe rence  g ives r ise to an  
amino-ac id  subst i tu t ion  at  pos i t ion  L279 (C - te rminus) :  AAC 
(Asn)  in s t ra in  1 to  AAG (Lys)  in s t ra in  I L144 .  
3.3.2. Mapping of mutation in pu lL  gene of terbutryn-resis- 
tant mutant of R. ge la t inosus .  As  most  o f  the  mutat ions  re- 
spons ib le  for  herb ic ide  res i s tance  phenotypes  in  purp le  bacter ia  
were  mapped to the  qu inone-b ind ing  s i te o f  po lypept ide  L 
ca l led  'QB pocket ' ,  we  invest igated  th is  reg ion  ofpufL f rom the 
mutant .  F ragment  C (320 bp)  (F igs .  2,3) cor respond ing  to the  
QB pocket  was  synthes ized  by  PCR f rom mutant  DNA and  
sequenced as descr ibed  in Sect ion  2. Sequenc ing  ana lys i s  re- 
vea led  a po in t  mutat ion  in th is  reg ion  o f  the  pufL gene cor re -  
spond ing  to a t rans i t ion  (G-  +A) .  Th is  mutat ion  resu l ts  in  the  
subst i tu t ion  o f  G ly  u92 by  an  aspar t i c  ac id .  Fur thermore ,  th is  
mutat ion  c reated  a new BstYI res t r i c t ion  site. Southern  b lo t  
ana lys i s  o f  genomic  DNA (data  not  shown)  f rom wi ld  type  and  
ATGGCAATGCTGAGTTTCGAGAAGAAATACC C-GGTGCC,  CGGCGGCACGCTGGTCGGGGGCGATCTCTTC GAC TTCTGGGTCGGACCGTTCTACGTC 
1 . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  +-  
M A M L S F E K K Y R V R G G T L V G G D L F D F W V G P F Y V 
GGCTTCTTCGGCGTGACGACGCTCTTCTTCTCGGTCCTGGGAACCGCGTTGATCATCTGGC.GCGCTTCGCAGGGGCCGACGTGGAATCTTTGGCAG 
97 - - -  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I - -  
G F F G V T T L F F S V L G T A L I I W G A S Q G P T W N L W Q 
ATCAGTATTGCGCCCCCGG/k~CTGA~TAiGGcCTGGGCGTTGCACCGCTGATGGAAGGCGGGCTCTGGCAGATCATCACGGTGTGCGCCATCGGt  
193  - -+  . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  +- - -  
I S I A P P D L K Y G L G V A P L M E G G L W Q I I T V C A I G 
G~KGT~T~T~GCG~TGCGTG~GT~GAGAT~T~G~G~T~GGCATGC~TACC~GTG~CGATCGCGTTCAGTTTCGCGATCCTGGCC 
289 -I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  P . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  
A F V S W A L R E V E I C R K L G M Q Y H V P I A F S F A I L A 
TA~.GTCACGCTGGTC GTCATC CGCCCGATCC TGATGGGC GCaTGGGGCCA~.GGTTTC CC.~TAC GGCATCTTCAGTCACC TCGAC TGGGTGTCGAAC 
385 + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  t . . . .  + . . . .  I . . . .  + . . . .  I 
Y V T L V V I R P I L M G A W G H G F P Y G I F S H L D W V S N 
GTGGGTTACCAGTACCTGCACTTCCACTACAACCCGGCGCACATGCTGGCGATCACGTTCTTCTTCACGACGACGCTCGCCATGTCCATGCACGGG 
481 . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I = = = = = = = = = = = = >  . . . .  I . . . .  + . . . .  l . . . .  + . . . .  I . . . .  + . . . .  I . . . .  +-  
V G Y Q Y L H F H Y N P A H M L A I T F F F T T T L A M S M H G 
GG~CTGAT~CTGTC~GCGGCCAACCC~AAGAAGGGCGAGCCGATGAAGACGA~GGAT~ACGAAGACACGTTCTTCCGCGACGCcGTCGGCTATTCG 
577 - - -  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I - -  
L I L S A A N P K K G E P M K T T D H E D T F F R D A V G Y S 
A~GGTTCGCTCGGTATCCACCGCCTGGGTC~TTCCTGGCGCTGTCGGCGGCCTTCTGGAGCGCGGTCTGCATCGTGATCAGC~TCCGTTCTGG 
673 - -+  . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  f . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  +- - -  
I G S L ~ I H R L G L F L A L S A A F W S A V C I V I S G P F W  
ACGCGTGGCTGGCCGGAGTGGTGGGGCTGGTGGCTGAATCTGCCGATCTGGAGTCAGTGGCCGCTCAAcTGA 
769  -I . . . .  + . . . .  I . . . .  + . . . .  I . . . .  + . . . .  J . . . .  + . . . .  i - -  <- - - - -  I 840  
T R G W P E W W G W W L N L P I W S Q W P L n * 
Fig. 3. Nucleot ide sequence and the deduced amino-acid sequence of pufL gene from R gelatinosus strain 1 (this nucleotide sequence has been 
submitted to GenBank with accession umber  U30310). The underl ined (lower case) nucleotides and residues are different from those of R. gelatinosus 
strain IL144. The QB pocket (Hislg°-His 23°) is underl ined. Gly  192 (substituted in the mutant)  is in bold. Arrows indicate the ol igonucleotides u ed 
to ampli fy a 320-bp fragment from the mutant.  
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Fig. 4. Amino-acid sequence of the L subunit in the QB-binding region 
from R. viridis showing in bold all the herbicide mutations described 
from purple bacteria [6]. Closed box represents DE helix, open boxes 
represent parts of transmembrane D and E helices. The new mutation 
affecting the D helix in R. gelatinosus i underlined. 
mutant digested by BstYI and hybridized with a radiolabelled 
probe overlapping the position at 192 confirms in the mutant 
genomic DNA the presence of the mutation found in the PCR 
fragment. 
4. Discussion 
Point mutations within the pufL  gene which induce re- 
sistance toward herbicides provide information about he bind- 
ing site of these inhibitors in the L protein. 
The new mutation observed in the terbutryn-resistant mutant 
(ter ) is located at the codon 192. In ter , Gly 192 was subtituted 
by Asp, leading to a 300-fold resistance to this herbicide on the 
acceptor side of RC of R. gelatinosus. This mutation induced 
slight cross-resistances to other herbicides compared with wild 
type (6-fold to atrazine and 3-fold to o-phenanthroline). 
The QB pocket is formed by residues of the L subunit, located 
in the transmembrane h lices D and E, the connecting helix DE 
and the loop between DE and E. The substitution found in ter 
is located on the D helix of the L subunit. As shown in Fig. 4, 
all mutations confering herbicide resistances described until 
now in purple bacteria re located in helix DE, between helices 
DE and E and in helix E [6,9,18,19]. The mutation we have 
found in this ter r mutant is the first one located in this region 
of the QB pocket. This region of L subunit is highly conserved 
in many purple bacteria nd also in the corresponding part of 
DI of PSII in organisms performing oxygenic photosynthesis 
[12,20] (Fig. 5). Its high conservation suggests that it plays an 
important role in the electron transfer process. It has been 
poorly studied, probably because no mutation mapping in this 
region was found in purple bacteria. Only two mutations map- 
ping there were described in cyanobacteria at positions 211 and 
219 of D1 [21,22] and one in green algae at position 219 [23]. 
Why does this L-G192D mutation confer terbutryn re- 
sistance? Gly is the smallest residue and is uncharged. It is able 
Rs. rubrum 
Rb. sphaeroides 
Rb. capsulatus 
Ro. deni t r i f icans 
Rps. v i r id is  
Rx.gelat inosus 
PS I I  D1 
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A L A L H G S L I L S A 
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F S AMH G S L V T S S 
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Fig. 5. Amino-acid sequence comparison of a part of D helix of 
polypeptide L from six purple bacteria nd of D1 from oxygenic pho- 
tosynthetis performing organism [12]. His ug° corresponds toHis TM 215. 
Gly u92 from R. gelatinosus i underlined. R. gelatinosus shows three 
residues 187, 188 and 189 (in relief) different from those of the other 
purple bacteria (Ro -- Roseobacter). 
Rs. rubrum 
Rb. sphaeroides 
Rb. capsulatus 
RO. denitrificans 
Rps. viridis 
Rx. gelatinosus 
223 226 
F Q D T I G Y S V G T L G I H R  
F R D L V G Y S I G T L G I H R  
F R D L M G Y S V G T L G I H R  
F R D F I G Y S V G T L G I H R  
F R D V V G Y S I G A L S I H R  
F R D A V G Y S I G S L G I H R  
Fig. 6. Amino-acid sequence comparison of the 216-231 region of 
polypeptide L from six purple bacteria. Thr n6 is subtitued by Ala and 
Ser in R. viridis and R. gelatinosus, respectively. 
to confer flexibility to a polypeptide chain. Aspartic acid is 
bulky and charged. Gly 192 might leave enough space to accom- 
modate binding of terbutryn and aspartic acid might hinder it. 
However, it is surprising that this L192 amino acid plays a 
role in terbutryn-binding if we consider the results obtained 
with other purple bacteria. The X-ray structure analysis of RC 
from R. viridis crystallized in the presence of terbutryn has 
shown that the terbutryn molecule is able to establish at least 
one hydrogen bond with Ser L223 [5]. This result was confirmed 
by sequencing a terbutryn-resistant mutant of this bacterium 
bearing the mutation L-S223A [9]. X-ray structure analysis of 
the RC of this mutant did not show any significant modification 
of the polypeptide in the QB site [9]. In R. sphaeroides, another 
substitution of Ser L223 to Pro also induces resistance to triazine 
[19]. In addition to this hydrogen bond, it was shown in RC of 
R. viridis that a second hydrogen bond is possible between the 
herbicide and the peptide nitrogen of Ile 224 and that close con- 
tacts also exist between Glu 212, Ile 229 and Va122° [6]. 
In the crystallographic RC structure of R. viridis [6], residue 
L192 is located far from the terbutryn-binding site, too far to 
be in direct interaction with the herbicide molecule or QB 
atoms. Using the refined coordinates of R. sphaeroides Y RC 
[3], we found a minimal distance of 10 A between the QB cycle 
and Gly u92 C a. Therefore, the binding site for terbutryn (and 
perhaps also for QB) should be different in R. gelatinosus com- 
pared with these two other bacteria. One should note that 
functional properties of QB do indeed differ in R. gelatinosus, 
as shown by pH dependence of P*QB- recombination rate [24]. 
Besides, comparisons of amino-acid sequences of the helix D 
region around position 192 from several purple bacteria (Fig. 
5) have shown that the most divergent sequence is that of 
R. gelatinosus, with three important differences at positions 
187, 188 and 189. Met, Ser and Met from R. gelatinosus are less 
hydrophobic and bulkier than Leu, Gly (Ala) and Leu from the 
other bacteria. In spite of the high conservation between purple 
bacteria RCs, including R. gelatinosus, which belongs to the fl 
subclass of purple bacteria [12], our results on the ter mutant 
and the different amino-acid sequences of helix D suggest that 
the structure of this part of the QB site of R. gelatinosus RC 
could be different compared with the RCs already known. The 
role of helix D will be further investigated using other new 
mutations. 
Characterization f herbicide sensitivities of R gelatinosus 
has also shown a high sensitivity of this purple bacterium to 
o-phenanthroline. R. viridis is the only bacterium which pre- 
sents a high affinity for this herbicide (150 -- 3- 10 -5 M) [25], 150 
values are much higher for R. capsulatus and R. sphaeroides 
(/'50 = 2" 10 -4 M)  [16,17]. An enhanced sensitivity to 
134 S. Ouchane t al./FEBS Letters 374 (1995) 130-134 
o-phenanthroline has also been observed in a R. capsulatus 
mutant bearing the L-T226A mutation (150 -- 5" 10 -6 M) [16]. 
Fig. 6 presents a comparison of amino-acid sequences of sensi- 
tive and resistant wild-type bacteria. Sensitivity to o-phenan- 
throline of R. gelatinosus upported that the amino acid in 
position 226 of L subunit is important for the affinity of RC 
to this herbicide. All strains resistant to o-phenanthroline have 
a Thr in position 226 and sensitive strains a Ser or an Ala. We 
intend to replace the $226 of L of R. gelatinosus by Thr to test 
this prediction. 
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